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OBSERVATIONS 


Recent  disclosure  of  precipitation  of  energetic  electrons  in  the  inner  electron  zone 
(Lsi.S  to  2)  by  a VLF  transmitter  located  in  the  region  of  Gorkiy,  USSR  (Vampola  and 
Kuck,  1977;  Edgar  et  al.,  1977),  coupled  with  observations  that  suggest  power-line 
emissions  might  be  effective  in  scattering  electrons  in  the  outer  zone  (Helliwell  et  aL, 
1975)  and  in  the  slot  region  of  the  magnetosphere  (Bullough  et  al.,  1976),  naturally  lead  to 
speculation  about  the  role  of  VLF  transmissions  in  causing  the  slot-region  and  outer  zone 
electron  precipitation.  A major  objection  to  the  hypothesis  that  VLF  transmissions  might 
be  effective  in  producing  the  electron  slot  and  contributing  to  the  "drizzle"  of  outer  zone 
electrons  into  the  atmosphere  has  been  the  resonance  condition  in  the  equatorial  region: 
VLF  waves  from  ground-based  transmitters  (10  to  25  kHz)  would  resonate  only  with  sub- 
keV  to  a few  keV  electrons  at  the  equator;  away  from  the  equator,  the  resonance 
conditions  change  rapidly  and  a large  wave  intensity  is  required  to  produce  significant 
pitch  angle  scattering.  However,  a recent  observation  of  emission  stimulation  and/or 
wave  entrainment  well  away  from  the  equator  (Inan  et  al.,  1977)  has  removed  this 
objection.  Essentially  simultaneously  with  this  development  comes  the  following 
experimental  evidence  that  ground-based  VLF  transmissions  do,  in  fact,  precipitate 
substantial  quantities  of  energetic  electrons  in  the  slot  region. 

Figure  1 is  a plot  of  data  from  various  electron  channels  on  the  OVl-19  (1969-25C) 
spacecraft  (Vampola,  1971).  The  scatter  in  the  data  points  in  the  peaks  is  due  to  pitch- 
angle  sampling.  The  pronounced  "banding"  of  fluxes  above  background  in  Figure  Ic  is  due 
to  sampling  rates  in  near-synchronism  with  the  spin  rate  of  the  satellite.  All  of  the  data 
were  obtained  in  the  drift  loss-cone;  that  is,  although  these  particles  have  both  mirror 
points  at  altitudes  above  100  km  at  the  longitude  where  they  were  observed,  their  mirror- 
point  trajectories  will  be  below  100  km  at  some  other  longitude.  Drift  periods  for  these 
particles  vary  from  less  than  an  hour  to  several  hours.  All  three  of  the  data  sets,  la,  b, 
and  c,  exhibit  the  same  phenomenon  — an  L-dependent  precipitation  spike  in  the  region 
2£L<3.5.  (L-dependent  refers  to  the  behavior  as  a function  of  energy:  lower  energy 
electrcms  are  i^ecipitated  at  higher  L locations).  Figure  lb  also  exhibits  a peak  of  the 
type  discussed  by  Vampola  and  Kuck  (1977).  In  that  study,  only  the  region  1.5  <L  <2  was 
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Figure  1.  Flux  Versus  Time  Plots  of  OVl-19  Electron  Data 
Showing  L-Dependent  Precipitation  Events  in  the 
Drift  Loss  Cone.  The  slot  events  of  1(a)  and  1(b) 
(marked  with  a dashed  line)  map  back  to  east 
longitudes  of  30°  and  57®,  respectively.  The  event 
at  L = 1.7  in  1(b)  maps  back  to  55®EL.  The  event 
in  1(c)  cannot  be  traced  back  past  190®EL  because 
of  the  magnetospheric  configuration  at  that  point. 
The  fluxes  at  the  extreme  left  in  each  figure  are 
normal  outer  zone  fluxes.  B is  the  magnetic  field 
in  gauss  and  L is  McUwain's  parameter. 
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investigated,  since  an  earlier  data  set  which  initiated  the  study  (from  the  OVl-14 
satellite)  contained  drift  loss  cone  measurements  only  in  that  interval.  As  can  be  seen, 
these  precipitation  events  involve  a very  significant  flux,  all  of  which  will  be  lost  into  the 
atmosphere  during  the  immediate  drift  period.  (A  very  small  fraction  may  remain  as 
degraded  fluxes  due  to  large-angle  scattering  which  may  occur  in  the  residual  atmosphere 
higher  up.)  Such  precipitation  spikes  were  observed  on  about  95%  of  the  passes  through 
the  drift  loss-cone  (approximately  200  passes  in  the  data  set  examined).  In  some  of  these 
events,  only  one  or  two  energy  channels  showed  significant  fluxes. 

The  location  of  the  last  interaction  of  these  particle  distributions  with  the  atmo- 
sphere can  be  determined  through  an  analysis  of  the  size  of  the  observed  cut-off  in  the 
pitch-angle  distribution  in  comparison  with  the  expected  variation  in  the  size  of  the 
atmospheric  loss  cone  as  a function  of  longitude  around  the  drift  shell.  See  Luhmann  and 
Vampola  (1977)  for  details  of  this  mapping  procedure.  Due  to  the  finite  aperture  effects 
of  mechanical  collimators  and  the  finite  rise  and  decay  times  of  countrate  meters,  one 
must  fit  the  observed  distribution  to  a calculated  response  function  in  order  to  determine 
the  loss  cone  angle  accurately.  The  result  for  the  data  of  Fig.  la  is  a cut-off  at  66  ±1°, 
corresponding  to  an  equatorial  pitch-angle  of  10.49  ±.08°.  In  turn,  this  equatorial  loss- 
cone  angle  maps  back  to  a longitude  of  50.5  ± 2°  at  L = 2.77.  That  is,  we  assume  that  the 
locally  observed  cut-off,  when  it  is  substantially  larger  than  the  loss-cone  allowed  by  the 
local  magnetic  and  atmospheric  geometry  (56°  for  this  location)  was  determined  by 
interaction  with  the  atmosphere  at  some  past  point  in  its  drift  and  has  remained  un- 
changed since. 

A similar  analysis  of  the  pitch-angle  distributions  of  Fig.  lb  resulted  in  an  east 
longitude  of  last  interaction  with  the  atmosphere  of  57. 5 ±0.8°  for  the  structure  at 
L = 2.55  and  an  east  longitude  of  55  ±2.3°  for  the  structure  at  L = 1.72.  The  final 
example.  Figure  Ic,  cannot  be  mapped  back  to  its  point  of  origin.  The  local  cutoff  angle 
obtained  for  the  data  is  64°.  This  translates  to  an  equatorial  loss-cone  angle  of 
11.76 ±.05°.  The  data  were  obtained  at  about  240°  EL.  If  one  maps  back  along  the 
L = 2.48  drift  shell,  one  finds  that  at  about  190°  EL  the  local  atmospheric  loss-cone 
subtends  about  11.70°  at  the  equator.  These  particles  must  have  last  interacted  with  the 
atmosphere  at  that  location.  However,  this  is  also  the  largest  loss-cone  angle  on  the  drift 
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shell  between  about  67°  EL  and  the  position  of  the  satellite.  Hence,  the  electrons  were 
almost  certainly  lowered  in  mirror  point  somewhere  between  67°  EL  and  190°  EL.  The 
pitch-angle  distribution  was  then  modified  by  interaction  with  the  atmosphere  at  the  190° 
location.  Note  that  in  all  of  these  calculations,  it  is  not  possible  by  using  a single 
observation  to  determine  how  broad  a region  in  longitude  the  wave-particle  interaction 
covers.  (Given  very  precise  pitch-angle  distribution  data  and  a foreknowledge  of  the 
strength  of  the  interaction  as  a function  of  east  longitude,  in  theory  it  is  possible  to  obtain 
this  information  from  a single  pitch-angle  distribution.  In  practice,  one  cannot  do  it  with 
this  data  set  with  the  present  state  of  our  knowledge  of  the  interaction.) 

In  the  search  for  precipitation  events,  four  were  observed  at  times  when  the 
satellite  was  in  the  local  bounce  loss  cone:  i.e.,  a particle  mirroring  at  the  position  of  the 
satellite  would  mirror  below  100  km  at  the  conjugate  point.  Hence,  all  electrons  observed 
were  going  to  be  lost  within  a bounce  period.  For  three  of  these  events,  the  satellite  was 
between  40°  and  44°EL;  for  the  other,  it  was  at  288°EL.  These  correspond  approximately 
to  the  VLF  communication  stations  UMS  and  NAA. 

Figure  2 is  a plot  of  the  average  flux  of  electrons  in  the  drift  and  bounce  loss  cones 
as  a function  of  east  longitude  in  3°  bins  with  the  following  conditions:  139  < E^  < 312  keV; 
1.5£L<4.0;  Cp<  16  cps,  where  is  the  countrate  in  the  energetic  proton/cosmic  ray 
background  monitor.  The  reason  for  this  last  condition  is  that  the  rejection  efficiency  for 
cosmic  rays  and  other  penetrating  particles  in  the  electron  detectors  is  only  95%-97%. 
Hence,  this  threshold  insured  that  background  would  be  negligible  in  the  final  result.  Note 
that  the  data  have  been  averaged  over  all  latitudes  corresponding  to  the  1.5<L<4.0 
criterion.  Also,  note  that  the  latitudinal  averaging  was  done  over  geographic  latitude,  not 
over  field  line  orientation.  The  data  set  included  high  altitude  data  as  well  as  the  low 
altitude  data  of  the  type  used  for  the  drift  loss  cone  events  of  Figure  1.  Since  no 
distinction  was  made  between  drift  euid  bounce  loss  cone  data  in  assembling  statistics  for 
Figure  2,  most  of  the  data  samples  were  obtained  in  the  bounce  loss  cone,  since  at  any 
given  point  in  space,  the  bounce  loss  cone  subtends  a much  larger  angle  than  the  drift  loss 
cone.  The  minimum  number  of  data  samples  in  any  3°  bin  was  415,  with  717  being  the 
average  number. 
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Figure  2.  Average  Precipitated  Flux,  139<Eg<312  keV,  in  the  Region  1.5<L<4 
Plotted  as  a Function  of  East  Longitude  for  the  Time  Period  1969.  Also 
plotted  are  the  locations  of  VLF  transmitters  with  authorized  power 
levels  >50  kw  and  >100  kw. 


Figure  2 also  indicates  the  location  of  various  VLF  stations  as  listed  in  the 
"International  Frequency  List"  (8th  Edition,  I.T.U.,  Geneva).  For  the  purpose  of  comparing 
stations  with  the  precipitations,  all  stations  with  a radiated  power  greater  than  100  kw 
and  greater  than  50  kw  wert  plotted,  subject  to  the  following  conditions:  frequency 
between  10  and  25  kHz;  station  "implemented"  during  the  period  1959  to  1968  (earlier 
implementations  were  included  if  it  was  known  from  other  sources  that  the  station  was 
still  operating  during  the  period  of  the  satellite  data  acquisition);  if  one  station  was 
already  plotted  for  a given  3°  sector,  additional  stations  were  ignored  in  that  sector.  The 
fact  that  a station  is  included  does  not  necessarily  mean  that  it  was  actually  operational 
during  the  proper  time  period.  Also,  it  is  possible  that  some  of  the  stations  are  slightly 
misplotted,  since  stations  are  normally  listed  by  location  of  control  point,  not  location  of 
antenna.  For  instance,  the  antenna  at  Jim  Creek,  Washington  is  listed  variously  with  the 
coordinates  of  San  Diego,  San  Francisco,  and  Seattle,  depending  on  where  the  control 
point  is.  These  sites  differ  by  5°  in  longitude.  Similarly,  the  same  call  signs  may  be 
assigned  to  different  transmitting  sites  for  different  uses.  There  is  a tremendous  amount 
of  ambiguity  in  the  literature  in  the  location  of  VLF  transmitters,  probably  because  many 
of  the  facilities  constitute  portions  of  defense  communication  systems  for  the  various 
nations. 

Figure  2 demonstrates  significant  agreement  between  the  longitudes  of  high  power 
VLF  transmitters  and  peaks  in  the  electron  precipitation.  A major  discrepancy  is  the  lack 
of  a peak  associated  with  UBE2  at  158°.  Satellite  measurements  of  VLF  signals  have 
shown  a strong  "antipodal"  effect,  whereby  significant  enhancements  of  signals  from  NAA 
and  NPG  are  seen  above  the  antipode.  In  fact,  one  observation  of  an  enhancement  in  the 
northern  hemisphere  was  explained  as  a whistler-mode  signal  excited  in  the  southern 
hemisphere  by  a 20  dB  antipodal  enhancement  (Heyborne,  1966).  The  large  uncorrelated 
precipitation  peak  at  about  220°EL  may  be  such  an  antipodal  effect  from  the  Soviet 
transmitters  located  near  40°.  Another  large  peak^  at  about  275°EL,  seems  to  correlate 
with  a peak  at  97°EL  — possibly  due  to  NBA  and  its  antipode.  NBA  does  not  correlate 
precisely  with  any  peak;  yet,  it  is  one  of  the  most  powerful  transmitters  in  the  list.  Other 
antipodal  effects  may  also  result  in  minor  precipitation  peaks.  There  is  one  other  large 
peak,  at  about  350°EL,  which  does  not  seem  to  correlate  with  stations  selected  according 
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to  the  criteria  outlined  above.  A station  at  Paynesward  (349°EL)  was  authorized  as  of 
1975.  If  it  also  existed  during  the  1969  time  period,  it  may  be  responsible  for  this  last 
peak. 


It  is  significant  that  the  data  of  Figure  2 do  not  show  a gradual  buildup  in  flux  as 
the  electrons  drift  eastward  from  the  region  of  the  South  Atlantic  anomaly.  If  pre- 
cipitation were  uniform  in  longitude,  one  would  expect  to  see  a monotonically  increasing 
flux  in  the  drift  loss  cone  until  the  region  of  the  South  Atlantic  anomaly  is  approached. 
The  flux  in  the  bounce  loss  cone  should  be  approximately  constant  until  the  region  of  the 
anomaly  is  approached,  at  which  point  flux  in  the  drift  loss  cone  would  enter  the  local 
bounce  loss  cone.  Thus,  for  natural  sources  of  pitch-angle  scattering  which  are  uniformly 
distributed  in  longitude.  Figure  2 should  have  a minimum  at  the  anomaly,  a gradual  buildup 
eastward  of  it,  and  finally  a sharp  increase  as  the  anomaly  is  approached  from  the  west. 
Note  that  in  the  region  of  the  western  Pacific,  where  there  are  relatively  few 
transmitters,  there  is  also  a minimum  in  the  precipitating  flux.  In  fact,  in  one  3°  bin,  it  is 
at  the  background  level  of  the  instrumentation. 
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DISCUSSIONS 


The  data  of  Figure  1 show  very  substantial  fluxes  of  electrons  in  the  drift  loss  cone. 

3 - 2 

Typically,  fluxes  of  the  order  of  1 x 10  e /cm  -sec-ster-kev  between  200  and  400  keV  are 
observed  in  these  precipitation  events.  Intensities  decrease  at  energies  above  and  below 
those  energies.  Undoubtedly,  the  total  flux  precipitated  must  depend  on  the  trapped  flux 
intensity  which,  unfortunately,  was  not  measured  above  5500  km  in  this  experiment. 
However,  a reasonable  estimate  of  the  significance  of  this  precipitation  mechanism  can  be 
made  by  assuming  the  loss  cone  is  filled  once  per  drift  period.  The  technique  will 
underestimate  the  loss,  on  one  hand,  since  the  interactions  are  taking  place  over  a finite 
longitudinal  region  and  the  bounce  loss  cone  may  be  filled  continuously  over  that  region; 
on  the  other  hand,  the  interaction  probably  does  not  produce  complete  isotropy  in  the 
interaction  region.  These  two  errors  produce  opposite  effects  and  should  partially  cancel. 
These  assumptions  also  imply  that  rapid  reconfiguration  (within  one  drift  period)  of  the 
flux  distribution  near  the  equator  occurs  through  some  other  interaction  (possibly  either 
power  line  harmonics  or  magnetospheric  hiss,  if  they  are  distinct).  Such  a calculation 
indicates  a loss  rate  of  2%  to  4%  per  drift  period,  resulting  in  a loss  rate  for  the  total  flux 
on  a field  line  of  about  50%  per  day.  which  is  sufficient  to  account  for  the  slot  in  that 
region.  The  calculation  assumes  a single  location  in  longitude  is  effective.  The  data  of 
Figure  2 indicate  that  probably  most  high  powered  VLF  transmitters  are  effective  in 
producing  such  precipitation.  If  so,  the  actual  loss  rate  would  depend  on  the  rate  at  which 
electrons  high  on  the  field  line  are  transported  to  the  lower  altitudes  where  the 
interaction  with  the  artificially  generated  VLF  waves  takes  place.  If  the  equatorial 
interaction  is  weak  compared  to  the  lower-altitude  interaction,  one  would  expect  a pro- 
nounced "shoulder"  in  the  equatorial  pitch-angle  distribution  corresponding  to  the  upper 
limit  of  the  VLF  interaction  region.  The  equatorial  distributions  have  been  observed  to 
have  such  a shape  at  energies  comparable  to  those  under  discussion  here.  Lyons  et  al. 
(1972)  published  OGO-5  data  of  this  type  and  utilized  a combination  of  cyclotron  and 
Landau  resonances  to  explain  enhanced  scattering  all  along  the  field  line. 
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The  analysis  in  this  present  work  indicates  that  electrons  in  the  slot  region  are 
scattered  in  discrete  events.  The  analysis  of  Lyons  et  al.,  which  results  in  continuous 
diffusion,  is  not  consistent  with  the  present  data.  The  analysis  of  scattering  location  used 
in  Figure  1 and  tracing  methods  such  as  were  outlined  in  the  discussion  of  Figure  1 result 
in  a picture  of  precipitation  occurring  at  a small  number  of  discrete  locations  in 
geographic  longitude.  The  L-dependence  of  the  peak  in  precipitation  as  a function  of 
energy  also  requires  resonance  with  a monochromatic  wave. 

The  existence  of  high-powered  VLF  transmitters  predates  World  War  II.  If  such 
transmitters  are  the  primary  cause  of  the  slot,  and  it  appears  that  they  may  be,  they  have 
had  a profound  effect  on  the  particle  population  in  the  inner  zone  (which,  of  course,  would 
then  be  the  inner  region  of  a single  zone  extending  out  to  the  present  outer  zone 
boundary).  In  the  absence  of  the  rapid  precipitation  in  the  slot  region,  electrons  would 
diffuse  radially  inward,  being  energized.  Measurements  of  the  lifetime  of  electrons  in  the 
inner  zone  produce  values  of  the  order  of  400  days.  Hence,  equilibrium  could  be 
established  in  the  order  of  three  years.  Using  observed  diffusion  to  and  through  the  slot 
region  during  exceptionally  magnetically  disturbed  times  as  a guide,  the  probable  result  of 
removal  of  all  VLF  transmitters  (if,  for  instance,  satellites  were  used  for  all  com- 
munications and  navigation  purposes)  would  be  a very  intense  belt  of  very  relativistic 
( > 5 MeV)  electrons.  Because  of  their  high  rigidity,  the  primary  energy  loss  would  pro- 
bably be  synchrotron  radiation.  It  is  not  known  whether  any  data  exists,  pre-WWn,  which 
might  address  this  speculative  situation.  Such  an  environment  would  be  much  more  hostile 
to  spacecraft  than  the  post-Starfish  environment.  It  might  be  necessary  to  continue  to 
radiate  VLF  waves  at  high  intensity  just  to  prevent  such  a hostile  environment. 

If  high  powered  VLF  transmitters  routinely  (vecipitate  electrons,  and  it  appears 
that  they  do,  they  may  be  responsible  for  the  discrepancy  in  electron  density  in  the  iono- 
sphere as  measured  by  various  investigators  (see  Morse  and  Rice,  1976).  Measurements  by 
rocket-borne  instruments  launched  in  the  USSR  and  from  Wallops  Island,  Va.  show 
significantly  higher  electron  densities  than  measurements  made  from  White  Sands,  NM. 
There  are  high  powered  VLF  transmitters  near  the  longitude  of  the  USSR  and  Wallops 
Island  launch  sites,  but  not  of  the  White  Sands  site. 
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It  is  also  possible  that  the  energy  input  into  the  upper  atmosphere  in  the  vicinity  of 
such  transmitters  has  a measureable  effect  on  the  weather.  Bremsstrahlung  produced  at 
80-100  km  heights  could  penetrate  to  the  lower  atmosphere  and  produce  ions  which  then 
act  £is  nucleation  centers  for  water  droplets.  Such  bremsstrahlung  would  also  act  as  a 
background  in  rocket-borne  sensors  used  to  measure  galactic  x-ray  intensities.  Hence, 
White  Sands  could  be  expected  to  be  a better  launch  site  than  others  which  are  in  the 
vicinity  of  high  power  VLF  transmitters  (Luhmann  and  Blake,  1977).  Presumably  a number 
of  other  anomalies  in  atmospheric,  ionospheric,  and  magnetospheric  research  results  are 
also  caused  by  the  localized  electron  precipitation  induced  by  these  transmitters. 

These  and  other  questions,  such  as  the  details  of  the  interaction  between  the  waves 
and  the  particles  as  a function  of  frequency,  pitch-angle,  radiated  power,  electron 
energy,  etc.,  are  beyond  the  scope  of  a letter  and  are  being  addressed  in  work  now  in 
progress.  The  discovery  of  this  strong  effect  of  man-made  waves  on  the  electron 
population  in  the  magnetosphere  reinforces  the  possibility  of  intentionally  modifying  that 
particle  population.  It  also  provides  direction  for  further  research  in  a broad  area  of 
magnetospheric/ionospheric  in  teractions. 
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THE  IVAN  A.  GETTING  LABORATORIES 

Th*  Laboratory  Oporattona  of  Tha  Aoroapaca  Corporation  ia  conducting 
axparimantal  and  thaoratical  invaatigationa  nacaaaary  for  tha  avaluation  and 
application  of  acientiflc  advancaa  to  now  military  concopta  and  ayatama.  Var- 
aatility  and  flaxibility  hava  baan  davalopad  to  a high  dagraa  by  tha  laboratory 
paraonnal  in  daaling  with  tha  many  problama  ancountarad  in  tha  nation'a  rapidly 
davaloping  apace  and  miaaila  ayatama.  Eqpartiae  in  tha  lateat  ecientific  daval* 
opmenta  ia  vital  to  the  accompliahment  of  taaka  related  to  thaaa  problama.  The 
laboratoriaa  that  contribute  to  thia  raaaarch  are: 

Aarophvaica  Laboratory;  Launch  and  reentry  aarodynamica,  heat  trana- 
frr.  reent^  pkyaica,  chemical  kinetica>  atructural  mechanica,  flight  dynamica, 
atmoapheric  pollution,  and  hlgh-powar  gaa  laaara. 

Chai^atrv  and  Phvalca  Laboratory;  Atmoapheric  raactiona  and  atmoa* 
pheric  optica,  chemical  reactiona  la  polluted  atmoapherea,  chemical  raactiona 
of  excited  apeciea  in  rocket  plumaa,  chemical  thermodynamica,  plaama  and 
laaar-inducad  raactiona,  laaer  chamiatry,  propulaioa  chemiatry,  apace  vacuum 
and  radiation  effecta  on  matarlala,  lubrication  and  aurfaca  phenomena,  photo- 
aaaaltiva  materiala  and  aanaora,  high  praciaioo  laaer  ranging,  and  tha  appli- 
cation of  phyaica  and  chamiatry  to  problama  of  law  enforcement  and  biomadlcina. 

Elactro^ca  Raaaarch  Laboratory:  Electromagnetic  theory,  davicaa,  and 
propagation  phenomena,  including  plaama  electromagnetica;  quantum  electronica, 
laaara,  and  electro-optica;  communication  aciencea,  applied  electronica,  aemi- 
conducting,  auparconducting,  and  cryatal  device  phyaica,  optical  and  acouatical 
imaging;  atmoapheric  pollution;  millimeter  wave  ai^  far-infrarad  technology, 

Matarlala  Sctancea  Laboratory:  Oevolopment  of  new  materiala;  metal 
matrix  compoaitaa  and  new  iorma  of  carbon;  teat  and  evaluation  cNf  grapUta 
and  ceramica  in  reentry;  apacacraft  materiala  and  electronic  componanta  in 
nuclear  weapona  environment;  ^>plication  of  fracture  mechanica  to  atreaa  cor- 
roaion  and  fatigue-induced  fracturaa  in  atructural  matala. 

Snace  Sctancea  Laboratory;  Atmoapheric  and  ionoapharic  phyaica,  radia- 
tion trom  the  atmoaphere,  denaity  and  compoaition  of  the  atmoaiAara,  aurorae 
and  airglow;  magnetoapharic  phyaica,  coai^c  raya,  generation  and  propagation 
of  plaama  wavea  in  the  magnetoaphera;  aolar  phyaica,  atudiea  of  aolar  magnetic 
fielda;  apace  aatronomy,  x-ray  aatronomy;  tha  effecta  of  nuclear  exploaiona, 
magnetic  atorma,  and  aolar  activity  on  the  aarth'a  atmoaphere,  ionoaphare,  and 
magnetoaphera;  the  effecta  of  opticaL  electromagnetic,  and  particulate  radia- 
tiona  ia  apace  on  apace  ayatama. 
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